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ABSTRACT 
STUDY OF THE EARTH 0 S IONOSPHERE BY RECEPTION 
OF RADIO WAVES FROM SATELLITES 
by Sunanda Basu 
A study of ionospheric scintillations by the recep-
tion of signals from the Russian satellite 1962 Cosmos I 
was undertakeno The data were obtained at the Sagamore Hill 
Radio Observatory, Hamilton, Massachusetts, of the Air Force 
Cambridge Research Laboratorieso The satellite transmitted 
at a frequency of 20 Mc/s and it was found possible to re-
ceive the first two harmonics at 40 Mc/s and 60 Me/so A 
high percentage of scintillation was observed on all night-
time transits of the satellitee No marked variation of 
scintillation index with elevation angle was observed. The · 
\0.78 
scintillation index varied with wavelength as A for 
"\ o. 3 6 
magnetically quiet days and as ~ for magnetically 
disturbed dayso A pronounced latitude dependence of scin-
tillations was observedo The onset of scintillations occurred 
at a sub-ionospheric latitude {referred to a height of 300 km) 
of 35°N on magnetically quiet days and the same effect was 
observed at 33°N for magnetically disturbed dayso A zone of 
almost uniform scintillation exists beyond a latitude of 4l 0 Ne 
On certain occasions the satellite passed through clouds of 
irregularities, the size of which were about 550 krno A 
model of the non-uniform distribution of irregularities in 
the ionosphere is proposed as a result of this studyo 
r 
TABLE OF CONTENTS 
Chapter 1~ Review of Scintillation Studiesoo•••••o••••••••l 
lo Introductionooooooooooooooooooooooooooooooooooooool 
2o Diurnal Variation of Scintillation Activity ••• oooo4 
3. Variation of Scintillation Amplitude with 
Source Elevation.ooooooooooooooooooooooooooooooo4 
4. Variation of Scintillation Activity with 
Observing FrequencyeooooooooooooooooooooooooooooS 
s. Variation of Scintillation Index with Latitude.o •• G 
6. The Drift of the Irregularities causing 
ScintillationSoooooooooooooooooooooooooeoooooooo6 
7. The Dimensions of the Irregularities •••••••••••••• ? 
a. Height of the Irregularities causing 
ScintillationSoooooooooooooooooooooooooosooooooo7 
9. Scintillation Phenomenon during Aurorae and 
Magnetic Stormsooooooooooooooooooooooooeoooooooo8 
Chapter 2: Theory of Scintillations •••••••••••••••••••••• lO 
Chapter 3: Receiving Equipment and Reduction of Data ••••• 20 
1. Observational Materialoooooooooo•••••••••••••••••20 
2. Receiving Equipmentooooooooooooooooooooo•••••••••20 
3. Scintillation Index •••••••••••••••••••••••••••••• 21 
4. Determination of Satellite Parameters •••••••••••• 23 
Chapter 4~ Experimental ResultSooooooooooooooooeeoooooooo27 
1. Diurnal Variation of Scinti11ation ••••••••••••••• 27 
2. Variation of Scintillation Index with 
Elevation Angle of Satelliteooo••••••o•o•••••oo28 
3. Wavelength Dependence of Scintillation Index •• o •• 31 
4. Latitude Dependence of Scintillation Index ••••••• 33 
s. Dependence of Scintillation Index on . 
Height of Satellite o o. a _o. a o o o o o. o o o o o o ..... o. o o o 39 
Chapter 5: Discussion of Resultsooooooooooooooooeoooooooo40 
lo Diurnal Variation of Scintillationoooooooooooooeo40 
2o Elevation Angle Dependence of Scintillationsooooo41 
3o Wavelength Dependence of Scintillationsooooooeoeo42 
4o Variation of Scintillation with Height of 
Satelliteoooooooooooooooooooooooooooooooooooooo43 
5. Latitude Dependence of Scintillationoeooooooooooo44 
Go Proposed Model of the Ionosphereooooooooooooeoooo45 
AcknowledgernentSooooooooooeoooooooooooooocooooooooooooooo47 
List of Referencesaoooooooooooooooooooooo•ooooooooooooooo48 
List of PlatesoooooooooooooooooooooooooooooooooooooooooooSO 
Plates 
$. 
Chapter 1 
REVIEW OF SCINTILLATION STUDIES 
Introduction 
The scintillation of radio sources was discovered 
by Hey, Parsons, and Phillips in 1946. These authors were 
investigation the intensity distribution of extraterrestrial 
radio waves over the celestial sphere at a frequency of 64 
mc/s, and found that on certain occasions the radio flux from 
the constellation of Cygnus was very variable with time. 
From this result, they deduced that there must be one or more 
locali~ed sources of radio signals in that direction in 
spaceo Their suggestion led to the search for, and the dis-
covery of, the localized sources of radio noise now known 
colloquially as "radio starso 11 
It was at first believed that the observed variations 
in signal strength from the localized sources are inherent 
in the sources themselves. Later work by Bolton, Slee and 
Stanley (1953) .and by Little and Lovell (1950) and Smith 
(1950) has shown that the variations of a single source, as 
viewed simultaneously from widely different points on the 
earth's surface of the order of 100 km, are not correlated, 
although fairly good correlation was obtained when the re-
ceivers were separated by a distance of the order of a kil-
ometer. The phenomenon is therefore analogous to the twink-
ling of the optical stars in that the scintillations are pro-
duced in the earth's atmosphere: in the radio case, however, 
r 
-2-
the disturbing region is the ionosphere~ rather than the troP-
osphere. Thus, it has become firmly established that the 
fluctuations in the received signal are caused by irregular 
refraction in the ionosphere and hence the study of the scin-
tillation of radio stars is an important method for studying 
irregularities of electron density in the ionosphere. 
With the launching of the first artificial earth 
satellite, Sputnik I, in 1957, satellites have been increas-
ingly used to study the same phenomenon. Each type of source 
has certain advantages and disadvantages as a means of reveal-
ing the basic structure of the ionosphere responsible for 
the scintillation effect. 
A satellite, due to its high velocity, provides an 
almost instantaneous picture of the ionosphere, including the 
auroral zone, if the inclination of the orbit is such as to 
take it within that regiono Usually the source is polarized 
and the signal level is high; both of these characteristics 
have distinct uses in observationso As the satellite passes 
over the observatory, equal angles of elevation to the north 
and the south may be comparedo Some passes are observed with 
portions of the track at approximately the same angles of 
elevation but with varying sub-ionospheric geomagnetic lati-
tudes. Therefore the effects due to angle of elevation may 
be separated from those due to the location of the sub-
ionospheric pointso Such a separation is usually not possible 
for radio stars Casso A and Cygnus A, which are the two most 
; 
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commonly used sources for studying scintillationsG Another 
limitation of the radio star technique is that the rate at 
which the path of the discrete source crosses the sky is 
slow. 
The radio star method, however, has certain distinct 
advantages over scintillation studies using satellites. The 
position of the star source is accurately known whereas some 
satellite ephemerides are difficult to obtain over long peri-
ods of time. The passage of the discrete source across the 
sky allows for diurnal variations to be accurately sensed. 
The broad band noise radiated by the radio star source allows 
for multi-frequency observations. The radio star method is 
very well suited for studying low angle scintillations, since 
rise and set through tropospheric and ionospheric irregular-
ities can be accurately tracked. 
A brief review of the experimental results obtained 
by radio star and satellite scintillation studies of the 
ionosphere will now be giveno Scintillation studies have 
been made primarily at Cambridge, England, Manchester, England 
and Sydney, Australiao In comparing the observations of 
these groups of workers, it should be noticed that the measure 
of scintillation activity usually termed as the scintillation 
index has been defined differently by these three groups. 
The Cambridge workers defined the scintillation index as 
the ratio of the root mean square fluctuation in amplitude 
to the mean amplitude of the signalo The Manchester group 
~ " ' ' 2 . 1 
'*r I 
I 
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has defined the scintillation index as the power fluctuation 
in the signal expressed as a percentage of average power. 
Moreover, the Manchester group obtains the power fluctua-
tion from the scintillation maxima whereas the Cambridge 
workers assess the fluctuation in amplitude on a root mean 
square basise The Australian group has defined the scintilla-
tion index as the ratio of the mean peak to trough variation 
of the signal amplitude to its mean amplitude and has ex-
pressed it as a percentageo With this knowledge of the defi-
nition of scintillation index we are in a position to under-
take a brief survey of scintillation studieso 
,, 
Diurnal Variation of Scintillation Activityo 
The diurnal variation of scintillation activity has 
been investigated at several centerso The simplest varia-
tion is that reported for zenithal observations in Englando 
In this case, both the Manchester (Little and Maxwell, 1951) 
and Cambridge (Ryle and Hewish, 1950) workers found that the 
scintillation activity was most marked shortly after midnight, 
and was rarely observed during the midday hourso The Aus-
tralian observations (Bolton, Slee and Stanley, 1953) taken 
at low angles of elevation revealed a diurnal variation with 
two maxima, one at about midday and the other at about mid-
nigh to 
Variation of Scintillation Amplitude with Source Elevationo 
The effect of source elevation upon scintillation ampli-
p 
·r 
I 
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tude has been discussed by the English and Australian groups 
mentioned above and also by Hartz (1955) and Seeger (1951) 8 
In every case an increase in amplitude of the scintillations 
with decreasing source elevation was foundo The observations 
made in England showed that the scintillation index did not 
vary with source elevation for zenith angles less than 30 
degrees, but at this angle the scintillation index was half 
as much as that for a zenith angle of 60 degreeso This increase 
in scintillation amplitude with zenith distance has been attrib-
uted to a combination of causeso These are, first, a change 
in ionospheric conditions with latitude, second, an increased 
effective thickness of the disturbing region and, third, 
the increased distance of the disturbing region from the ob-
servero 
Variation of Scintillation Activity with Observing Frequency. 
Several obserVers have analyzed records of radio star 
scintillations made at two or more frequencies simultaneously~ 
For relatively high angles of elevation, Hewish (1952) found 
that the scintillation index varied approximately as the 
square of the wavelength and that the rate of fluctuations 
remained approximately constant with frequency. Observations 
at low angles of elevation by the Australian group gave a 
very different picture, the scintillation index being roughly 
proportional to wavelength up to 100 me and almost constant 
thereaftero The reason for this discrepancy is not clear: 
possibly the residual fluctuations at the higher frequencies 
*' 
u::;.;p:_t::a;r 
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in the Australian work were tropospheric in origino On any 
of the present ionospheric theories of scintillations, the 
scintillation index would be expected to decrease rapidly 
with increasing frequency: any tropospheric scintillation 
would, however, be expected to be much less frequency-
sensitive. 
Variation of Scintillation Index with Latitude. 
As has been pointed out earlier, it is difficult to 
separate the latitude variation from the variation due to 
source elevation in the case of radio stars, though .most 
WQrkers do agree that there is an increase of scintillation 
index at high northern l.atitudes near the auroral zone o 
Kent (1958) made observations on the first artificial satel-
lite Sputnik I and found that scintillations occurred only 
at latitudes 50°N and higher. 
The Drift of the Irregularities causing Scintillations. 
It is frequently observed that if the fluctuations in 
amplitude of a source are measured at two receivers separated 
in an east - west direction by the distance of the order of 
a kilometer, then the fluctuations are similar, except for a 
time shift. From this it has been concluded that the irregu-
larities of electron density in the ionosphere are drifting 
horizontallyo Observations at Manchester and in Australia 
have shown little evidence of a north - south component of 
drift. All observers agree, however, that there is an im-
ga .J£.~Kq ., .@-
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portant drift in the east - west directiono These drift 
speeds are of the order of a hundred meters per second under 
quiet geomagnetic conditions, but rise to a thousand meters 
per second under disturbed geomagnetic conditions. 
The Dimensions of the Irregularities. 
The early spaced receiver observations of radio star 
scintillations not only showed that the phenomenon was terres-
trial in origin but also gave an indication about the dimen-
sions of the irregularities in the intensity pattern across 
the groundo Using the spaced receiver technique, Little and 
Maxwell (1951) arrived at a figure of four kilometers for 
the scale in the north - south directiono Ryle and Hewish 
(1950) using the drift technique arrived at a figure of 
0.8 kilometers for the scale in the east - west directiono 
This discrepancy was subsequently cleared up by Spencer (1955), 
who showedthat the shape of the irregularities of electron 
density in the ionosphere are constricted perpendicular to 
the direction of the earth's magnetic fieldo Spencer quotes 
a figure of one to five for the ratio of the scale perpendicu-
lar to the earth's magnetic field to that along the earth's 
magnetic field and this brings the Manchester and Cambridge 
group observations into agreement with one anothero 
Height of the Irregularities causing Scintillationso 
By observing radio star scintillation, one cannot, in 
a direct way, obtain information about the height of the region 
-8-
causing scintillation. Briggs (1958) by comparing the degree 
of radio star scintillation at various elevations of the 
source has arrived at a height of 300 km. Hewish {1952} 
using the diffraction theory arrived at a figure of 400 km. 
Lately, many direct observations have been made with satel-
lites. Kent (1958) and Yeh and SWenson (1959) have studied 
amplitude recordings of satellite signals. They have found 
that satellites rarely scintillate when below 250 km. The 
occurrence of scintillation then increases with increasing 
satellite height till the satellite is at about 320 km. From 
this it may be concluded that the active region has a lower 
boundary between 250-320 km. Frihagen (1963) using the trans-
missions from 1958 Delta II and 1960 Eta II and a spaced 
receiver technique found the height of the irregularities 
causing scintillations to be always within the range 300-500 km. 
Scintillation Phenomenon during Aurora and Magnetic Storms. 
The effect of aurora upon the scintillation of radio 
stars has been discussed by Little and Maxwell (1952). The 
most striking effect was upon the scintillation rate, which 
was found to be increased, on the average, by about a factor 
of four during aurora. The effect upon the amplitude of the 
scintillations was much less marked. The effect of magnetic 
storms was found to be similar by these authors. Little, 
Reid, Stiltner and Merritt (1962) made observations from 
College, Alaska, which is very close to the auroral zone. 
They found a definite relationship between the intensity of 
Z-.L. kif. .. #W , 
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scintillations and the presence of aurora in the sky. The 
correlation was, however, not 100% for about one-third of 
the high scintillation activity occurred when no aurora was 
presento 
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Chapter 2 
THEORY OF SCINTILLATIONS 
In considering the fluctuations imposed on a wave in 
its passage through an irregular medium there are two possible 
approaches. In the diffraction method the medium is consid-
ered to be equivalent to a thin diffracting screeno Because 
the absorption in the ionosphere is negligible for the fre-
quencies normally used for the observation of scintillations, 
this screen will produce across the emerging wavefront varia-
tions of phase with no variations of amplitude. As the wave 
propagates beyond the screen, fluctuations of amplitude begin 
to develop, and this part of the problem is essentially a 
matter of diffraction theoryo In the alternative approach, 
which may be called the scattering method, the wave at the 
observing point is considered to be the sum of the unscattered 
wave and waves scattered by the irregularities in the mediumo 
Both methods are equally valid and give identical results. 
In the present discussion9 however, the diffraction method 
will be used as outlined by Briggs and Parkin (1962} and 
Mercier (1962)o 
The geometry of the problem~ for observations of sig-
nals from a satellite, is illustrated in Figure lo It is 
assumed that the orbit of the satellite is such that the 
height H may be taken as constant for the range of eleva-
tion angles E involved. The irregularities are assumed to 
be confined to a layer at a height h 1 and the thickness of 
the layer D. h is assumed to be small compared with the 
42L ,., A A ¢4414 
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height. The angle of incidence of the waves on the layer 
• 
is t , and Z 1 and Z z, are the distances of the irregu-
larities from the observer and the source respectively • 
. 
Then t and ZL are related to the elevation 
angle E by the following expressions~ 
i = Sin.- 1 { Ro Cos Ej(R0 rAJ} 
.1.. 
( 2. 'l. . h L2..)2 n S :01 = R0 Si'/'1. E + 21<0 +- n - K. 0 in f 
.L L 
( 2. 2.. . h HL)2.. ( 2. 2. h h2.) 2 1.,2.. = R0 Si'h E. + 2 Ro + - R0 Sin E + 2 Ro + 
where R0 is the radius of the earth. 
The ionosphere, as the name suggests, is an ionized 
medium containing free electrons. As a consequence, the 
ionosphere becomes a refractive medium for radio waves in-
cident on ito The refractive index j-A of such a medium is 
given by (Mitra 1952, p. 180) 
jJ-2 e2. I , . N 
rrmf-
where, 
1- Al ~ ·N 
1T 
f - frequency at which observation is madeo 
~ - wavelength corresponding to frequency f 
~ - classical radius of the electron. 
N . -3 - number of free electrons 1n em • 
0 
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Scintillation observations, however, are most often made on 
short wavelengths for which the refractive index }l deviates 
only slightly from unity. For this case it can be written 
).?- "'fe. • N 
2rr 
In addition to the uniform distribution of electron 
density, the ionosphere also contains irregularities of 
electron density. These irregularities introduce a phase 
deviation across the wavefront as it travels through the 
ionosphere. The root mean square phase deviation produced 
by an extended irregular medium has been shown by Chernov 
{1960, Po 29) to be 
where, 
- the root mean square phase deviation produced in 
a wave which travels. a distance L in the 
z-directiono 
~JL - the deviation of refractive index from its mean 
valuee 
the correlation function of refractive index 
expressed as a function of the relative co-
ordinates between two points ( Zi , ¥~ , Zi ) 
and ( ::( j , ~ i , 'L i ) . 
.;.. 11.f#.4¢.4.,(4i¥. 
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In order to evaluate the integral in equation (5}, 
it is necessary to make some assumptions about the form of 
the three dimensional correlation function of the refractive 
index in the ionosphereo The simplest mathematical representa-
tion is the assumption that surfaces of equal correlation have 
a spherical form, that is, it is being assumed that the 
irregularities are isotropic, and that the variation of the 
correlation functions along any radius of the sphere is 
Gaussian. The correlation function of refractive index 
is therefore taken to be 
where x,y,z, are relative coordinates as before and ~ 
known as the scale of irregularities, is a measure of the 
-I distance at which the correlation falls to e. • 
f 
, 
It has been mentioned previously that for the fre-
quencies used in the study of scintillation, the value of the 
refractive index is close to unityo As such, the devia-
tion of the ray in the x-y plane may be assumed to be 
very small compared to the scale of irregularities ~ 
" 
Consequently, the dependence of the correlation function of 
refractive index on x and y may be neglected. Thus we 
may equate x and y to zero in equation (6) and write 
jJ. fcj ( 0) 0) %) 
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In the present problem it has been assumed that a wave 
0 
is incident at an angle ~ on a layer of irregularities of 
thickness b..h, (Fig o 1). The length of its path through 
the layer is then 
L _ ~h., Se.c t 
Further, considering equation (4), the mean square deviation 
of refractive index from its mean value may be expressed as 
4 1T 2. 
2. (b. N) 
where, 
6.N - the deviation of electron density from its mean 
value N • 
p. 
Substituting the values of P 
I L3 , L , and (l:..f)'1. in 
equation (5), and performing the integration, we have 
Since the irregularities are assumed to have similar statis-
-1 
tical properties everywhere, the factors b. h , [( 6N/-]"'i , 
and ~ are constants and the only variable factors are 
0 {; and A (that is, when observations are made on more 
than one wavelength)c The simplified expression which is 
actually used in the calculations is, therefore, the following 
J.. 
cp
0 
o( A ( ~e.c i.) 2 
4-1-f£:4# lM& 
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Thus we have a wavefront emerging from the ionosphere whose 
amplitude is constant but having a phase variation cp (xJ ~) 
the root mean square value of which is given by equation (9). 
The amplitude fluctuation produced by the phase modu-
lated wave at the receiving point on the ground will now be 
investigated. A suitable measure of the amplitude fluctua-
tion, which will be known henceforth as the scintillation 
index ~ , is given by 
- 2. 
R4 -(Rl) 
( R2. )2. 
where R is the received amplitude of the wave. 
A phase modulated wave may be represented at a plane 
Z. 0 , as 
where F (:X:, "a , 0 ) is a complex amplitude which may be 
written as 
in which 
jJ.. 
where f . was defined in equation (6) and 
LJ 
normalization constanto 
A-.2. 
't' is a 
AtfA&?<. <MAW 
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From Helmholtz • formula the value of ~ at the point 
( ~0 , "ao , Z0 ) , where Z 0 is in the direction of propagation 
of the wave, may be related to (12) in the following manner 
-toO +.O t k "f ~C~o,~ >~n) = -LJ j {e.- 'OF(xj~p) 
"
0 
- 4 7f "f '0 z 
- riJ -riO 
-l k "fJ I l 
- F C x) a> o) ~ ( e -t )j rl-x: d 'd 
where 
l. '2.. 1 '-
-r -= (x-Xo) +("a-'do) -t(Z-Zo) 
and k: ~ f.. 
The amplitude R is defined as 
Assuming l 0 )) 'f.. 
that 
and cp
0 
( I , Mercier (1962) has shown 
from which we have 
R4 
~~-1 (Rl.)2. 
The left hand side of the above equation is the same as S 
as defined by equation (11). Thus the expression for the 
scintillation index S is given by 
2. 
PIA.OifU 1&®\WTP , 
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The above calculations were made for a source at in-
finity. It can be shown, however, (Ratcliffe, 1956) that any 
diffraction calculation carried out for a source at infinity 
can be extended to apply to a source at a finite distance by 
re-defining zo as follows: 
_I J_ 
-t- J_ Zo z, z2.. 
where z, and ~l are the distances of the observer from 
the screen and the source from the screen respectively as 
shown in Figure 1. For this result to hold, the angles of 
diffraction must be small. This condition is well satisfied, 
as the angles of diffraction are usually less than one degree. 
Thus all the above results, and in particular equation (15) 
can be used when the source of waves is a satellite, provided 
Z0 is defined by (16). Thus combining equations (10), 
(15) and (16), we get 
i 
I 
f.. (Sec. 02. {I + 
This equation can now be used to study the variation of scin-
tillation index with such parameters as , and ~ .. 
On studying equation (17) it can be seen that two cases 
.L 9f44 4441"*"' 
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may arise. In the first case the second term within paren-
theses is large 
"A Z 1 z2.. 
compared to unity. This is true when 
is a very small quantity and in this case 
the observer is said to be situated in the "near zone." 
Then from equation (17) we see that 
() 
.L 
(Sec t) '-
As L , Z1 and %l are related to the elevation angle by 
equations (1), (2) and (3) , equation (18) may be used to 
study variation of scintillation index with elevation angle 
in the near zone. 
In the second case, the second term within parentheses 
is small compared to unity. This happens when 'L( 7..., z'}_ 
~ '%, + Z1) 
is large and observations are said to be made entirely in 
the "far zone. 11 In this case, therefore 
l. 
( Se.c i.) 7-
This equation then gives the variation of scintillation index 
with elevation angle in the far zone. Comparison of equations 
(18) and (19) shows that elevation angle dependence of scin-
tillation index will be much reduced in the far zone. 
Equation (17) can also be used to compare the scin-
tillation index for two different wave-lengths. Let the scin-
J.( PJfkl.-iC4iifU 
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tillation index be S ( .A.-1 ) for a wavelength ).1 and 
( (... 2 ) for a wavelength f-- 2.. • Then from ( 17) we 
have 
~ (r..,) 
-~ ·---
s 0-l-) 
Here again the same two cases may arise. Thus for observa-
tions made in the near zone, equation (20) gives 
and for observations in the far zone, we get 
s (t-1) - ~ 
;; C'>--2) A2. 
The theoretical results mentioned above will later be 
compared with the actual observations obtained from the 
satellite Cosmos I. 
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Chapter 3 
RECEIVING EQUIPMENT AND REDUCTION OF DATA 
Observational Materialo 
The observational material was obtained from the 
Russian satellite Cosmos I also known as 1962 Theta I. The 
inclination of the orbit of the satellite to the equator was 
49 degrees and the height of the satellite varied from 300 km 
to 775 km. The period of revolution was approximately 90 
minutes. The satellite transmitted linearly polarized waves 
at a frequency of 20 mc/s but it was found possible to re-
ceive the first two higher harmonics at frequencies of 
40 mc/s and 60 mc/s. The period of study was from April 5-25, 
1962. 
Receiving Equipment. 
The block diagram of the receiving equipment is shown 
in Figure 2o Data was taken on a continuous basis using a 
vertical whip antenna for all three frequencies. The trans-
mitted signal at 20 mc/s picked up by the antenna was fed 
directly to a tunable R390A Collins receiver which covers 
the frequency range .5 to 32 mc/s. This receiver is of the 
double super-heterodyne type and the intermediate frequency 
bandwidth selected for the observation was 5 kc/s. The de-
tected output of the receiver was fed into a d.c. amplifier 
which was used to drive a pen recorder. The effective time 
constant of the system was .1 second and the chart speed was 
1 mm/sec. 
1.264 Z;MlP!W . . 
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For the reception of the two higher harmonics at 
40 mc/s and 60 mc/s a similar set-up was used. The only 
modification was the introduction of a converter in each 
channel to convert 40 mc/s (T.C.40) or 60 mc/s (T.C.60), ~s 
the case may be, to a frequency of 30 mc/s which was. within 
the range of the R390A receiver. 
A sample data obtained with the above set-up is shown 
in Figure 3. It may'be noted that there is a more or less 
regular fading component and an irregular fast fading com-
ponent. The slow fading component is a result of the 
'Faraday rotation' of the plane of polarization of the trans-
mitted signal as well as the spinning of the satellite, if 
any. The fast irregular fading is known as scintillations 
and will be studied here. 
Scintillation Index. 
A measure of the fast fading is obtained by defining 
a .. scintillation index... A power calibration was used, as 
shown in Figure 3, and hence the scintillation index was 
defined as the ratio of the fluctuation in power to the aver-
age power measured over a Faraday period. Hence the scin-
tillation index ~I may be written as 
P-P 
p 
where P is the received power. The scintillation index 
S, is normally expressed as a percentage. For the square 
J J$_1.,., _JJ);p:_ 
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P.J ol law detector used for the observations ~ ~ 
the received amplitude. Hence 
~I 
where R is 
Now referring to equation (11) of Chapter :2 we find that 
was defined as 
R4 -( {1)2 
( r<2l-
which can be alternatively defined in terms of S 
s - I R'l. 
as 
On comparing equations (2) and (3) it may be readily seen 
that they are not identical. The reason for using the two 
types of indices is as followse The index defined by equa-
tion (3) was found to be a more suitable parameter for the 
development of the diffraction theory of scintillations where-
as equation (2) ~as found to be more convenient from an ob-
servational standpoint$ Mercier {1962) has shown, however, 
that far from a random phase screen9 when the amplitude 
fluctuations are fully developed, the distribution of R is 
. _J f A.AUI@i$ . 
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of the Rayleigh type and one obtains the following relation-
ship between S 1 and S . . 
S, - o.73S 
Briggs and Parkin {1962) have verified this relationship for 
the data obtained from the Transit 4A satellite. It follows, 
therefore, that when only relative values are required, as 
for example, the comparison of scintillation index on two 
frequencies, it does not matter which measure is used. If 
absolute values are needed, however, one must convert the 
measure S, to S • 
Determination of Satellite Parameters. 
In order to study the variation of scintillation index 
with other satellite parameters, one must obtain the position 
of the satellite at small intervals of time. A program was 
written for the IBM 1620 computer to determine this. The 
programming was done in two parts as described below. 
The longitude of equator crossing, the time of equator 
crossing and the height of the satellite at the equator for 
each revolution was available from bulletins published by the 
"Space Surveillance Center .. of the United States Air Force. 
The above information together with a knowledge of orbit 
characteristics of Cosmos I served as the computer input for 
the first part of the program. The output provided us with 
sub-satellite positions (geographic latitude and longitude) 
and the height of the satellite at intervals of 0.5 minutes 
!# )41AP.-2.4.- , 
-24-
for a particular pass. 
The object of the second part of the program was to 
determine the elevation angle of the satellite, the angle of 
incidence of the waves on the ionosphere, considered to be 
at a height of 300 km, and the sub-ionospheric latitude and 
longitude of the satellite referred to that 300 km level for 
the above 0.5 minute time intervals. This was achieved with 
the help of the information obtained from the first part of 
the program and a consideration of the geometrical problem 
involved as shown in figures 4a and 4b. The actual set of 
equations required to determine these parameters are as 
follows: 
where A1 is the earth distance in angular measure between 
the receiver and the sub-satellite point, the other parameters 
being described in Figure 4 
where R1 gives the slant range of the satellite from the 
receiver. 
SLn (qo +E)= Cos£ -
A¥ I $5141 JUQUA 
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where E is the elevation angle of the satellite. 
0 S i.:n. ?., 
~ 
where t is the angle of incidence of the waves on the 
ionosphere. 
0 
qo - (E -r v) 
where A2. is the earth distance in angular measure between 
the receiver and the sub-ionospheric point. 
where A3 is the angle between the great circle of longi-
tude through the point and the arc • 
where 
Cos rl-. -=. Cos ~ Cos- A., t Sin Mr. S;n A') Cos A3 T~2 , a , 1 d -
~~l is the co-latitude of the sub-ionospheric point 
All the other parameters being either known or al-
ready determined~ ~ can be obtained from equation (11). 
~l -
Hence the latitude of the sub-ionospheric point is given by 
(90° - cp ) • 
'31-
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where X~ gives the difference in longitude between the re-
ceiver (70.8°W) and the sub-ionospheric point. All other 
parameters being previously determined, X~ can be obtained 
from equation (12). Hence the longitude of the sub-
ionospheric point is given by 70e8° - xl . 
Thus starting with a knowledge of latitude and longi-
tude of the sub-satellite point and the height of the satel-
lite, we have been able to determine all other required 
parameters. The satellite pass corresponding to the sample 
data shown in Figure 3 is sketched in Figure 5, together 
with its sub-ionospheric trace. 
ZQI6,$QM-f4t1ZUU W¥ . 
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Chapter 4 
EXPERIMENTAL RESULTS 
The experimental results obtained from the satellite 
Cosmos I will now be presentedo 
Diurnal Variation of Scintillationo 
The diurnal variation of scintillation is exhibited 
by the two passes shown in Figure 6o One is a typical day-
time pass and the other a nighttime one. Though observations 
were made on a continuous basis, a sufficient number of day-
time passes were not obtained to study the diurnal variation 
on a statistical basiso The few daytime passes that were 
obtained, however~ all show little or no scintillation whereas 
all nighttime passes show the presence of moderate to strong ~ 
scintillationso It should be noted that the two passes 
selected for Figure 6 have approximately the same high north-
~, 
ern latitude at which, as will be shown later, strong scin-
tillation is normally expectedo The regular dropping of the 
signal at every 4 second time intervals is due to the pulsed 
nature of the signal transmitted from Cosmos Io 
Thus we may conclude that scintillation activity is a 
function of the time of the dayo At latitudes between 20° 
and 40° scintillation rarely occurs during the daylight hourso 
A Utt44¥ :S.L& 4 iMP 
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Variation of Scintillation Index with Elevation Angle of 
Satelliteo 
The theory presented in Chapter 2 suggests that the 
elevation angle dependence of scintillation index will be 
given either by 
o( 
.L 
($ec~)2. 
for observations in the 11 near zone; so or 
l $ oe (Sect)2. 
for observations in the "far zoneo 11 The wavelength dependence 
of scintillation index to be discussed in the next section 
shows that our observations ocrrespond to the "far zone 11 
I 
case o As such a { Se.c t }2 variation is to be expected a 
The plot of scintillation index as a function of 
elevation angle at 20 Mc/s and 40 Mc/s is shown in Figure 7o 
It should be noted that though we were able to receive the 
second higher harmonic at 60 Mc/s of the transmitted signal, 
this data was not utilized to show elevation angle dependenceo 
This was due to the fact that the gain of the antenna was 
found to be a strong function of elevation angleo The polar 
diagram departed from omnidirectional form: and showed a 
double lobe structureo 
The orbit characteristics of the satellite provided us 
with a range of elevation angles between 0° and 80°o The 
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number of readings at elevation angles higher than 60° was 
less than ten and hence was not included in the plot. At 
low elevation angles 9 in the range 0° to 10° 9 the signal was 
highly attenuated due to its longer path through the iono-
sphere and hence the measurement of scintillation index 
becomes difficulto Thus elevation angles less than 10° 
were not included in the grapho 
The computer program provided us with the elevation 
angle of the satellite at every half minute intervalo The 
time interval corresponding to a 10° to 20° range in eleva-
tion angle was determined and the scintillation index was 
averaged over this time period for each pass studiedo The 
grand mean of scintillation index for all the passes within 
this elevation range was obtainedo This scintillation index 
was assigned to the mean of the interval, namely, 15° ele-
vation angleo The same procedure was followed for the other 
points and the plot shown in Figure 7 was obtainedo 
The vertical bar superimposed on each experimental 
point refer to the error in the mean EM as obtained from 
the following formula 
where 
£ = 1"2 M 
IIS, - s,l 
n(n-1) 
s1 - the mean scintillation index for each pass over 
a 10° intervalo 
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s1 - the grand mean of scintillation index for n 
observations over the same intervalo 
With reference to Figure 7 we may quote the scintillation 
index at 15° elevation angle as (31 ± 5o9) per cento 
The theoretical dependence of scintillation index on 
elevation angle is also shown by the curveT in Figure 7o 
This curve was obtained from the relation 
.L 
S oC (Sec i) 2 
and utilizing the relation between i and E given by equa-
tion (1) in Chapter 2o The theoretical curve was normalized 
with respect to the experimental data for an elevation angle 
of 60°o The theoretical curve T at 40 Mc/s was obtained by 
reducing the ordinates of the curve T for 20 Mc/s by a 
factor of 2o This was done because in the far zone, accord-
ing to equation (22) in Chapter 2, we would expect the scin-
tillation index at 20 Mc/s to be twice that at 40 Me/so 
A study of Figure 7 shows that there is no noticeable 
dependence of scintillation index on elevation angleo The 
departure of the experimental curve from the theoretical one 
is particularly noticeable on 20 Mc/s for elevation angles 
less than 35°o The agreement between these two curves at 
40 Mc/s is within the limits of the errors in the meano 
z; . .;;e 4«41 t nasw:: 
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Wavelength Dependence of Scintillation Indexc 
The dependence of scintillation index on wavelength 
is shown in Figure 8. The data was grouped into two cate-
gories, one corresponding to magnetically quiet days with 
K-indices ranging from 0 - 2, and the other to magnetically 
disturbed days with K-indices ranging from 3 - 5c The K-index 
is defined as the difference between the highest and the low-
est departures in a 3 hour interval beginning at Greenwich 
mean time Oh for the most disturbed magnetic element of 
the Earth's magnetic field (among the three elements, namely, 
declination D , horizontal component H , and the vertical 
component z ) from the regular daily variation expected for 
that element on a magnetically quiet day compatible with the 
season of the year, sunspot cycle, and, in some cases, the 
phase of the moono The K-scale is arbitrarily defined as 
follows: 
K ~ 0 1 2 3 4 5 6 
R = 5 1 10 Y 20 Y 40 1 10 f 120 Y 
where R is the difference between the highest and lowest 
values of the most disturbed magnetic element and Y is 
10-5 gaussc The K-indices referred to here were obtained 
from bulletins published by the Uo So Coast and Geodetic 
Survey at Fredericksburg, Virginia and will be referred to 
&filliS.4.fk1UW,W . 
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as KFr " 
The family of curves in Figure 8 was obtained by plotting 
on a logarithmic scale the average scintillation index over 
a 3 minute time interval for each pass against the corres-
pending wavelengthso 
All passes shown are nighttime passes and the time 
intervals chosen were those for which scintillations were 
observed on all three wavelengthso No passes were observed 
for which scintillations were obtained only on one channel 
and not on the others., Since no noticeable elevation effect 
was observed~ the time intervals corresponded to all possible 
elevation angles., The disturbed period occurred during the 
initial phase of observation and the 60 Mc/s receiver was 
not in operation at that time., The average curve on both 
plots was obtained by determining the mean scintillation 
index for all the passes at each wavelengtho These two 
average curves give the wavelength dependence of scintilla-
tion index for quiet and disturbed periodso 
From theoretical considerations, as outlined in ChaP-
ter 2~ the most general dependence of scintillation index on 
wavelength may be expressed as 
s (1--) n k >. 
where K is a constanto 
The above equation can be graphically represented on 
a log - log scale by a straight line of slope n and inter-
M.t!QJ;tt l.@lili'. 
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cept K on the ordinate at A = 1 o 0 o A study of the two 
average curves in Figure 8 yield the following values for K 
and n: 
S(t..) 
S(~>.) - '\ 0.36 22 A 
(for quiet period) 
(for disturbed period) 
There were certain isolated cases during magnetic-
ally quiet days when the scintillation index on 40 Mc/s was 
higher than that on 20 Me/so Since these formed a very small 
minority, about 6 per cent9 they were not included in Figure 
So It may be pointed out that these passes had no other 
special characteristics to which we may attribute this anomaly 
of wavelength dependence of scintillation indexo 
Latitude Dependence of Scint-illation Indexo 
It may be noted that in the theory of scintillations, 
developed in Chapter 2 3 we assumed that the irregularities 
have similar statistical properties everywhereo To test the 
validity of this assumption, a study of latitude dependence 
of scintillation index was undertakeno 
The computer program provided us with both the sub-
satellite and sub-ionospheric latitudes, the latter re-
£erred to a height of 300 km9 at OoS minute time intervalso 
The scintillation index corresponding to the time required 
4t 4¥4ij4tWWiWW 
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by the satellite to cover a 2° range in latitude was aver-
aged and that average value assigned to the mean of the 
latitude intervale The same procedure was followed for all 
latitude intervals ranging from 20° - 50° in the case of 
sub-satellite latitude and 30° - 48° in the case of sub-
ionospheric latitude. The inclination of the satellite 
orbit provides a northern limit to the sub-satellite latitude 
at 49e2°N whereas the horizon sets a limit to the southern 
extent of the observing regiono Each point on the curve 
represents the grand mean of the scintillation index of all 
the passes for that particular latitude intervale Here 
again the data for each frequency was grouped into two cate-
gories, namely, that for magnetically quiet and disturbed 
periodso 
The data is tabulated in Tables l-4o The errors in 
the mean listed in the tables have been calculated using 
equation (1) given earlier in the chaptero The tabulated 
data was plotted in Figures 9 and 11 and the average error 
in mean for all the curves in each category is shown in the 
respective plotso A study of these two plots indicate a 
marked latitude dependence of scintillationso The onset of 
scintillations on magnetically quiet days occur at 31° sub-
satellite latitude and 35° sub-ionospheric latitude for both 
frequencieso For magnetically disturbed days scintillations 
are observed at a sub-satellite latitude of 21° and a sub-
ionospheric latitude of 33°o On all sub-satellite plots a 
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TABLE 1 
Variation of Scintillation 
Index with Sub-satellite Latitude at 20 Mc/s 
Latitude Low KFr High ~r 
(ON) Mean Solo(%) Error in mean Mean S. I.(%) Error in Mean 
21 0 0 5 6 .. 0 
23 0 0 15 14o3 
25 0 0 26 19.9 
27 0 0 28 16 .. 4 
29 0 0 50 19.1 
31 8 6 .. 8 so l9ol 
33 8 6o8 43 15o4 
35 27 10o3 43 13o2 
37 39 9,7 58 llo3 
' 
39 44 BoO 66 10o7 
41 43 10o2 64 lloO 
43 41 10 0 2 56 12 .. 2 
45 37 8oS 55 15o4 
47 40 6 0 8 42 17,0 
49 44 8o8 54 17.3 
• a;;; +Jt .!! """"' 
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TABLE 2 
Variation of Scintillation 
Index with Sub-satellite Latitude at 40 Mc/s 
Latitude Low KFr High ~r 
(ON) Mean S.I"(%) Error in mean Mean S.Io(%) Error in Mean 
21 0 0 
23 0 0 17 20o0 
25 0 0 16 12o4 
27 0 0 22 10"4 
29 0 0 28 15.,6 
31 4 4o9 37 16.7 
33 17 8o4 38 13o9 
35 22 10o4 40 12.5 
37 26 10o3 53 8.8 
39 34 11o2 57 9.8 
41 28 11o3 54 10.4 
43 27 11 0 3 36 8 0 5 
45 26 10o2 26 8o2 
47 28 4o8 30 9o8 
49 25 5o3 41 19o9 
.. A'- .:;s¥qs ,J!5¢.CiW .. 
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TABLE 3 
Variation of Scintillation 
Index with Sub-ionospheric Latitude at 20 Mc/s 
! 
Latitude Low KFr High KFr 
(ON) Mean Solo(%) Error in mean Mean S.,I., (%) Error in Mean 
29 0 0 0 0 
31 0 0 0 0 
33 0 0 8 9 .. 0 
35 9 7.7 25 18.,2 
37 18 11.,0 33 18.,5 
39 29 10.,4 42 15.,0 
41 42 8.,8 61 lOol 
43 40 8o3 58 12 .. 1 
45 37 5 .. 8 52 13o7 
47 42 15 .. 7 56 17 .,3 
-
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TABLE 4 
Variation of Scintillation 
Index with Sub-ionospheric Latitude at 40 Mc/s 
Latitude Low KFr High Kpr 
(ON) Mean S.I.(%) Error in mean Mean Soi.(%) Error in Mean 
29 0 0 0 0 
31 0 0 0 0 
33 0 0 5 6o0 
35 2 2o6 20 18.,2 
37 10 1o1 33 18o5 
39 23 9o7 33 12ol 
41 31 8oS 51 9o6 
43 27 7o4 40 9o0 
45 30 5oS 38 1o9 
47 29 13ol 47 16o7 
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zone of almost uniform scintillations is obtained above 39° 
latitude while the same effect is observed at 41° sub-ionospher-
ic latitudeo 
The probability of occurrence of scintillations as a 
function of sub-satellite and sub-ionospheric latitudes is 
shown in Figures 10 and 12, respectivelyo The probability of 
occurrence was determined by the ratio of the number of 
times scintillations were observed at a particular latitude 
. 
to the total number of observations obtained for that lati-
tude. Thus these curves indicate the probability of existence 
of irregularities at various latitudesG 
Dependence of Scintillation Index on Height of Satellite. 
Though the satellite height varied between 300 km and 
775 km$ the observations corresponded to a height variation 
of 550 km to 775 ,km in the case of high ~r and 600 km to 
775 km in the case of low ~r o The plot of scintillation 
index as a function of height for the two above cases are 
shown in Figure l3e The histograms were obtained by averag-
ing the scintillation index over a 50 km range in height vari-
ation of satellite for all passeso The errors in the mean 
are also shown as vertical barso Within this range of 
satellite height no appreciable variation of scintillation 
index was observedo 
Plltt-'4" .tl#!QP 
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Chapter 5 
DISCUSSION OF RESULTS 
In this chapter, we propose to discuss the observa-
tional results presented earliero 
Diurnal Variation of Scintillatione 
The diurnal variation of scintillation index with 
high nighttime values as represented in Chapter 4, has been 
observed by all workerso A definite explanation of the above 
effect is lackingo Ryle and Hewish (1950) attempted to ex-
plain this effect by assuming that the interstellar matter 
is streaming towards the sun due to solar gravitational 
forcesD This stream is intercepted by the dark hemisphere 
of the Earth from the geometry of the situation, and, as a 
result, higher values of scintillation index are observed 
at nighto The above hypothesis is, however, debatable due 
to low density of interstellar mattero 
It has also been established {Hawkins, 1954) that 
the aurorae reach a maximum at magnetic midnight due to 
back-focussing of solar windo Thus it may be considered 
that aurorae and ionospheric scintillations have a common 
origino 
It is known that the sun acts as the primary ionizing 
agent of the Earthus ionosphereo As such, a maximum of 
scintillation might be expected during daytime observa-
tionso However, it should be noticed that scintillations 
IS +¥14¥Qit4;:c;M 
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are caused by the irregularities of electron density in the 
ionosphere and do not depend on the uniform electron densityo 
We might postulate that in the presence of solar ionizing 
radiation a thorough mixing results in the ionosphere which 
prevents the formation of irregularities of electron den-
sityo At night, in the absence of the sun, the mixing agent 
is removed and the ionosphere assumes a patchy configuration. 
Elevation Angle Dependence of Scintillations. 
We expect to observe high scintillations at low 
angles of elevation due to a combination of factors, such 
as, the increased distance of the layer of irregularities 
from the observer, and the increased effective thickness of 
the layero However, the data obtained for Cosmos I showed 
no such increase with decrease of elevation angleo This 
may be due to the fact that the inclination of the satellite 
orbit to the equator was 49° and hence the highest latitude 
attained by the satellite was 49°N which is close to the 
latitude of the observing site (42°N)o Thus for Cosmos I 
high angles of elevation correspond to high northern lati-
tudeso It has been noted earlier that a very pronounced in-
crease of scintillations is observed with increase of lati-
tudeo Consequently the elevation angle effect expected at 
low angles is more than offset by the increase of scintilla-
tions at high angles of elevation due to the latitude effecto 
This fact was also borne out by the data obtained from the 
Transit 4A Satellite (Aarons, Mullen and Basu, 1963) which 
:,aMp. a..,.. 
-42-
showed virtually no elevation angle dependence for data 
' 
confined to latitudes below that of the observing station 
(42°N) while a pronounced effect was observed for northern 
passeso The inclination of the Transit 4A was 66° which 
enabled such a north - south separation to be madeo Thus 
the elevation angle effect as reported by various observers 
working at stations of high northern latitude is primarily 
due to a change in ionospheric conditions with latitude 
rather than the elevation effect itselfo 
Wavelength Dependence of Scintillationso 
The wavelength dependence of scintillations as observed 
in data obtained from Cosmos I agrees reasonably well with 
predictions of the theory for the far zone case under mag-
netically quiet conditions of the ionosphereo However, for 
magnetically disturbed condition of the ionosphere the de-
pendence of scintillation on wavelength becomes much less 
pronounced a 
We expect to observe strong scintillations when there 
is a phase change of the order of one radian over the first 
Fresnel zone radius which is given by J z, Z2 A , where 
z1 + ;2:,2 
z1 and z 2 are the distances of the diffracting screen from the 
observer and transmitter respectively as shown in Figure lo 
Thus for the same value of z1 and z 2 the first Fresnel zone ra-
dius is proportional to the square root of the wavelengtho Under 
:; 14&1\UI4AW 
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quiet conditions the scale of irregularities ranges between 
1 to 2 kilometers (Hewish 19S2) and hence the probability 
of obtaining a phase change of the order of a radian over a 
Fresnel zone radius at 7oS m is less than that at lS m. 
Thus scintillations will be more intense at a wavelength of 
lS mas compared with that at 7oS mo 
There has been no measurement of the scale of irregu-
larities during disturbed conditions of the ionosphere. 
Let us assume that the scale of irregularities becomes much 
smaller under disturbed conditions of the ionosphere. Then 
the probability of observing a phase change of the order of 
a radian at 7.S m increases greatly while that at lS m is 
not so pronounced and this may explain the decreased de-
pendence of scintillations on wavelength for high KFr o 
Variation of Scintillation with Height of Satelliteo 
As indicated in the previous section, the Fresnel 
zone radius depends on z 2 9 the distance of the satellite 
from the diffracting screeno When z 2 becomes very small 
the Fresnel zone radius tends to zero and hence it is very 
improbable that an appreciable phase change would occur over 
the small region and hence no scintillations will be observedG 
This provides us with a method of estimating the height of 
the diffracting screeno 
The plot of scintillation index against the height of 
the satellite shown in Figure 13, indicates that there is no 
noticeable change in scintillation over the range of SSO krn 
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to about 800 km. We may conclude, therefore, that the height 
of the diffracting screen is certainly below 500 km. A 
better estimation of the height could have been obtained had 
the satellite provided us with larger height variation. 
Latitude Dependence of Scintillation. 
It has been shown in Chapter 4 that a very pronounced 
latitude dependence of scintillation was obtained. Two 
most prominent characteristics of the latitude curves seem 
to be, firs~a sharp boundary separating scintillating and 
non-scintillating regions in the ionosphere and, second, the 
southward movement of this boundary during magnetically dis-
turbed periods. Even under quiet conditions it can be said 
that the distribution of irregularities in the ionosphere 
is far from uniform, the irregularities occurring in much 
greater abundance north of a sub-ionospheric latitude of 
41°N. It may be noted that this latitude is appreciably to 
the south of the zone of maximum auroral activity. Thus we 
may conclude that the charged particles trapped in the mag-
netic field of the Earth which give rise to aurorae tend to 
diffuse southwards down to a latitude of 41°N and produce 
irregularities of electron density. Good correlation has 
been found between high magnetic index and greater auroral 
activity, leading us to believe that during these disturbed 
periods, higher influx of charged particles tends to pull the 
zone of irregularities a little further to the south. 
LI\WtAW,, .... 
,ts. :q:e;w 
-45-
Proposed Model of the Ionosphereo 
The latitude dependence of scintillation together 
with the probability of occurrence of scintillations at par-
ticular latitudes give us some indications about the dis-
tribution of ionospheric irregularities. These curves pro-
vide us with an average picture of the ionosphere seemingly 
with well defined boundaries for the zones of irregularities. 
On studying the detailed features of several passes, as illus-
trated in Figure 14, we find that isolated clouds of irregu-
larities exist in the ionosphere and there is also a drift 
of the irregularities with time. The two pairs of passes 
shown in Figure 14 are matched with regard to their position, 
the time of day and ~agnetic index (KFr = 1). Yet the 
scintillation indices along matched portions of the track 
vary greatly, lending support to the view that the ionosphere 
is very variable with time. The pair of passes represent-
ing revolution numbers 404 and 419 provide us with typical 
examples of isolated clouds of irregularities which is a 
characteristic of low magnetic indexo The satellite took 
three minutes of time to pass through each of these clouds 
and this corresponds to a distance of 550 km at the 300 km 
levelo The scintillation data obtained from revolution 
number 404 is shown in Figure 15a the two time-marks indicat-
ing the extent of the cloudo The other pair of passes, 
namely 404 and 420 do not show this patchy configuration, 
but it is evident that the scintillation index does not in-
- .. ! iitsWW 
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crease monotonically with latitudeo 
We will now discuss a model showing the distribution 
of irregularities in the ionospheree This model should be 
able to explain the average characteristics of the ionosphere 
as well as the deviations that the individual passes showo 
One such model for disturbed and quiet periods is shown in 
Figure 16. The shaded region indicates the presence of 
irregularities. It is to be emphasized that this model gives 
an indication only of the presence or absence of irregular-
ities but does not tell us anything about the scale of 
irregularities or of relative electron density variations 
within the shaded zone. The extent of the shaded region at 
a particular sub-ionospheric latitude was governed by the 
probability of occurrence of scintillation at that latitude 
as shown in Figure 12o A few satellite. passes are shown to 
illustrate the individual characteristics of passes that 
were obtained during observationso 
The knowledge of the ionosphere obtained from scin-
tillation studies relates only to the irregular electron 
density variation in the ionosphere but does not tell us 
anything about the uniform electron density on which these 
are superposede As such, the proposed model discussed 
earlier should be viewed in this perspective. 
, 5 _.ISL.f J5P49i$ . 
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